ABSTRACT-Carbonates and rare shales of the ca 700-800 Ma old Draken Conglomerate Formation, northeastern Spitsbergen, preserve a record of environmental variation within a Neoproterozoic tidal fiat/lagoon complex. Forty-two microfossil taxa have been recognized in Draken rocks, and of these, 39 can be characterized in terms of their paleoenvironmental distributions along a gradient from the supratidal zone to permanently submerged lagoons. Supratidal to subtidal trends include: increasing microbenthic diversity, increasing abundance and diversity of included allochthonous (presumably planktonic) elements, decreasing sheath thick ness of mat-building organisms (with significant taphonomic consequences), and an increasing sediment/fossil ratio in fossiliferous rocks. Five principal and several minor biofacies can be distinguished. The paleoecological resolution obtainable in the Draken Conglomerate Formation rivals that achieved for most Phanerozoic fossil deposits. It documents the complexity and diversity of Proterozoic coastal ecosystems and indicates that both environment and taphonomy need to be taken into explicit consideration in attempts to understand evolutionary trends in the early fossil record. Three species, Coniunctiophycus majorinum, Myxococcoides distola, and M. chlorelloidea, are described as new; Siphonophycus robustum, Siphonophycus septatum, and Gorgonisphaeridium maximum are proposed as new combinations.
INTRODUCTION

I N 1954 Tyler and Barghoorn reported well-preserved microfossils in cherts of the Paleoproterozoic Gunflint Iron For mation. Their discovery promised a paleontological under standing of life's early history, as well as micropaleontological tools for the stratigraphic correlation and paleoenvironmental interpretation of Archean and Proterozoic sedimentary rocks.
The more general promise of Precambrian paleontology has been fulfilled. We now have confidence that life appeared early in our planet's development, that aerobic prokaryotes and mi tochondria-bearing eukaryotes radiated much later, and that complex multicellularity in protists and animals evolved still later, in Meso-to Neoproterozoic times.
In contrast, the fuller promise of Tyler and Barghoorn's dis covery-that Archean and Proterozoic microfossil taxa might be delimited in space and time, facilitating the kinds of contri bution that paleontology has made to Phanerozoic stratigraphy and evolution-remains tantalizingly half fulfilled. Beginning with Timofeev (1959) , palynologists have used acritarchs in the broad biostratigraphic subdivision of Neoproterozoic succes sions (e.g., Vidal, 1976; Jankauskas, 1982 Jankauskas, , 1989 Vidal and Knoll, 1983) , while others have shown that certain microbenthic populations illuminate paleoenvironmental analysis (e.g., Golubic and Hofmann, 1976; Green et al., 1987 Green et al., , 1988 . The Pro terozoic is not the Phanerozoic, just as the Paleozoic is not the Pleistocene; but research completed during the past decade clearly indicates the potential for much finer stratigraphic, paleoenvi ronmental, and, hence, evolutionary resolution of the Protero zoic fossil record. Realization of this potential requires that microfossil distributions be brought into sharper focus through detailed systematic and paleoecological studies of well-pre served fossil assemblages within carefully measured stratigraph ic sections.
The Neoproterozoic Draken Conglomerate Formation, Spits bergen, provides an opportunity to test the limits of paleoeco logical resolution in Proterozoic micropaleontology. The pre liminary work of Knoll (1982) , based on Draken samples collected by the late Colin Wilson of the Cambridge Spitsbergen Expedition, showed that Draken cherts contain exceptionally well-preserved microfossil populations. Field expeditions to northeastern Spitsbergen in 1981, 1982, and 1986 have resulted in the documentation of 42 fossil-bearing horizons in cherts, carbonates, and shales collected from measured sections in three areas spanning a distance of just over 100 km along strike.
GEOLOGICAL SETTING AND AGE
The Neoproterozoic Lomfjorden Supergroup contains some 6,000 m of quartz arenite, shale, and carbonate exposed in nunataks throughout northeastern Spitsbergen (Figure 1 ; Wilson, 1961; Harland and Wright, 1979) . Along with correlative beds in neighboring Nordaustlandet and central East Greenland, it documents deposition in a rapidly subsiding intracratonic basin that extended at least 650 km along strike. The lower two-thirds of this succession, the Veteranen Group, consist predominantly of cross-bedded and rippled quartz arenite with interbedded siltite, shale, and minor carbonate (Wilson, 1958; Knoll and Swett, 1985) . In contrast, the overlying Akademikerbreen Group contains mostly carbonate, with only minor siliciclastic inter calations (Wilson, 1961; Knoll and Swett, 1990) .
Akademikerbreen limestones and dolomites accumulated on a carbonate ramp. Constituent facies record depositional en vironments ranging from tidal flats through lagoons, oolitic shoals, and bioherms to offshore sites below fair weather wave base (Knoll and Swett, 1990) . Although a marine setting is often difficult to demonstrate for Proterozoic rocks that lack skeletal fossils, several features strongly suggest that Akademikerbreen carbonates precipitated from sea water. The dimensions of the package-650 km long and, especially, 2,000 m thick-are hard to reconcile with known lacustrine deposits. Sedimentary struc tures and facies relationships are those expected for marineplatform deposition, and there is no evidence of intercalated alluvial deposits. Carbon and strontium isotopic ratios in Aka demikerbreen carbonates also suggest marine deposition (Knoll et al., 1986; Derry et al., 1989). Perhaps most important, some of the fossils described from Akademikerbreen rocks and their equivalents in East Greenland have close modern counterparts known only from marine environments (e.g., Green et al., 1987 Green et al., , 1988 Green et al., , 1989 Knoll et al., 1989) . 
. Oolites and oncolites are common, especially in the middle third of the formation. In the upper third, stratiform stromat olites, commonly associated with tepee structures, occur in in timate association with thin intraclastic dolomites and dolomi crites. Columnar stromatolites are rare except for regionally extensive bioherms that mark the base of the formation in south ern exposures (Swett and Knoll, 1985 ; see below).
For the most part, the intraclastic conglomerates and dolomi crites exhibit petrographic evidence for early marine diagenesis. In contrast, horizons containing abundant stratiform microbial laminae commonly contain evidence of subaerial exposure, leaching, oxidation, and vadose as well as artesian cementation (Fairchild et al., in press). As documented more completely elsewhere (Fairchild et al., in press) and discussed below in the context of individual fossil assemblages, the Draken Conglom erate Formation was deposited during one of the lowest sealevel stands represented within the Akademikerbreen Group. Draken dolomicrites record the deposition of carbonate mud, possibly from whitings, in a protected lagoon. Decimeter-scale intraclastic carbonates were deposited in the lagoons during storms, whereas oolites and oncolites originated in shoals that presumably formed the seaward lagoonal barrier. In situ strat iform mats and associated thinly bedded intraclastic units were deposited landward of the lagoons on extensive tidal flats.
Draken carbonates were deposited during the Late Riphean Era, and probably during the latter part of this interval. This conclusion is supported by their stratigraphic position some 700 m below the lowermost Varangian (lower Vendian) tillite in Spitsbergen (Hambrey, 1982) The principal interpretations in this paper are paleoecological, but such conclusions are necessarily built on a solid foundation of systematic paleontology and taphonomic understanding. In this paper, frequent reference is made to species and diversity, and many populations are given Linnean binomial names. To what extent are we justified in borrowing such concepts and procedures from biology, and what allowance must be made in paleobiological interpretation?
Taphonomy.-Taphonomy has been applied widely in the study of fossil vertebrates, invertebrates, and, increasingly, plants. There is widespread appreciation that some organisms and, in deed, parts of organisms are more likely to be preserved than others, that some environments are more likely to be repre sented by fossil assemblages than others, and that post-mortem transport has significant but predictable and detectable conse quences for fossil accumulations. These generalizations are de rived from numerous actualistic studies and specific ancientmodern comparisons (e.g., Behrensmeyer and Kidwell, 1985) .
For nearly 20 years, comparable studies have illuminated the Proterozoic microfossil record, with broadly similar results. Within organisms, degradationally resistant walls, sheaths, or envelopes are differentially likely to become incorporated into the fossil record. To the extent that systematic studies of living microorganisms rely on ultrastructural or biochemical features, this indicates a significant loss of information. However, as illustrated by the paradigmatic study of the living cyanobacterium Entophysalis and its Paleoproterozoic counterpart Eoentophysalis (Golubic and Hofmann, 1976), preserved envelopes may provide morphological information comparable to that obtainable from populations of living organisms. Thus, in fa vorable circumstances, fossil cell-wall or envelope populations may justifiably be treated as biological entities, even though systematic relationships may not be clear at the phylum or even kingdom level.
Within environments, organisms that produce organic "hard parts" are differentially likely to be preserved. This is illustrated by actualistic studies of Recent microbial mat communities in which some cyanobacterial and flexibacterial sheaths as well as protistan cysts survive early biological decomposition, while more diverse bacterial heterotrophs disappear without a (mor phological) trace (e.g., Horodyski and vonder Haar, 1975; Aizenshtat et al., 1984). Among environments, probability of preservation also varies, for two different reasons. The first is that the physico-chemical conditions promoting microfossil preservation (e.g., anoxia) are variably distributed among en vironments. The second is that organisms likely to produce DRAKEN POLAR ISBREEN BACKLUNDTOPPEN VETTENE MACDONALDRYGGEN AREA AREA fossilizable envelopes or walls are also variably distributed. Subtidal cyanobacteria, for example, often produce thin, degradationally vulnerable envelopes, whereas populations inhabiting frequently exposed tidal flats form robust sheaths (Golubic and Barghoorn, 1977).
In the case of the Draken Conglomerate Formation, this means that part of the origirfal biota is missing. Comparison with mod ern tidal flats suggests broad classes of probable absentees, but more specific discussion is speculative. Ultimately, we must concentrate on what is preserved-on the abundant sheaths (and rare cells) and cyst walls of photoautotrophic Eubacteria and protists, as well as on supplemental information provided by organic geochemistry. These provide a proxy for original com munities, but quantitative measures such as species richness may not be directly comparable. The best that taphonomy may allow us is to draw qualitative inferences about environmental or temporal trends in diversity, and even these must be ap proached with caution.
Most Draken fossils are preserved in early diagenetic chert nodules. This preservation itself introduces some environmen tal bias, in that diagenetic chert formation is not equally likely Taxonomy.-Some of Proterozoic paleontology's most dif ficult problems stem from its greatest success, the demonstration that Proterozoic rocks are abundantly fossiliferous. Early and influential monographs (e.g., Timofeev, 1959; Barghoorn and Tyler, 1965; Schopf, 1968) were published before the impor tance of taphonomy and populational variability was widely appreciated. Building on these, subsequent publications have resulted in a minor jungle of taxonomic names, many supported by the barest of description or illustration.
There are two potential means of escaping this jungle. The first is to impose an arbitrary set of morphologically defined form taxa. This is simple and, in many ways, efficient, but it minimizes the likelihood that Linnean names will mean much. The second way is to conduct detailed populational studies in formed by taphonomy and sedimentology-only defining taxa when there is sufficient information to make clear demarcations among species. This minimizes our ability to compare popu lations among (and sometimes, even within) formations, but it maximizes the biological significance of those interpretations that can be made.
In practice, systematic paleontology is a combination of both. Some taxa, such as species of Eoentophysalis, Trachyhystrichosphaera, or Polybessurus, are circumscribed by a number of characters and surely come close to the meanings understood by neontological taxonomists for microbial species and genera. At the other extreme are simple form taxa that may be differentiable into populations within local assemblages, but whose comparison across time and space has limited significance. Two brief examples illustrate the difficulties that form taxa pose for paleoecological interpretations, as well as the paths we have chosen in our attempts to surmount these difficulties.
Among the most common fossils in Neoproterozoic cherts are spheroidal vesicles referred to the form genus Myxococcoides. In his original diagnosis, Schopf (1968) stressed the ab sence of individual envelopes and the presence of amorphous mucilage in colonies. Myxococcoides was distinguished from the genera Glenobotrydion and Caryosphaeroides on the basis of dense internal organic structures and internal organic structures surrounded by a partially collapsed "inner wall layer," respec tively. Subsequent research has shown internal cellular remains to be fickle characters (Hofmann, 1976; Knoll, 1981) . Although typically constant within a single Bitter Springs cluster, these internal organic bodies are not invariably so, and there is no other way to differentiate populations consistently. The occa sional arrangement of vesicles in uniseriate pseudofilaments (Schopf, 1968) may be significant at the species level. In this paper, we have not considered internal organic blebs to be taxonomically significant.
Having resolved one taxonomic difficulty, another remains. The genus Gloeodiniopsis is differentiated from Myxococcoides by its multiple envelopes that surround an internal vesicle and by its common retention of 2-8 daughter cells within the ex ternal envelope (Schopf, 1968; Knoll and Golubic, 1979) . This distinction follows directly from Schopf s diagnosis of Myxococcoides and provides a ready means of differentiating popu lations in the Bitter Springs Formation. Problems arise, how ever, in the determination of populations that differ in only one of the two characters used to differentiate genera. In the Draken Formation, there occur spheroidal populations that have both internal and external layers, but no record of binary division. Knoll (1982) originally assigned these populations to Gloeodiniopsis gregaria, but restudy indicates that these populations form one end member of a morphological continuum running to typ ical Myxococcoides cantabrigiensis. Single clusters may include specimens with a well-defined internal "wall" adjacent to empty vesicles. Therefore, in this study, we reserve the name Gloeodiniopsis for populations that exhibit both multiple envelopes and 2-8 daughter cells within a common envelope. This still does not solve all problems caused by variable preservation of envelopes; in some populations it is the external envelope that is differentially vulnerable to degradation, whereas in others it is the internal vesicle. This distinction may prove taxonomically useful, but the plain fact is that when preservation is sub-optimal (i.e., most of the time), precise systematic assignment may not be possible. This puts an important constraint on the paleoeco logical and evolutionary comparisons of assemblages.
A second problem concerns the filamentous sheaths that form the bulk of the Draken and many other mat assemblages. Schopf (1968) In this study, then, taxa are recognized on the basis of con sistently observable biological characteristics and interpreted in light of modern analogs found in comparable environmental settings. Our reluctance to recognize distinct taxa when differ entiating characters that are possibly or probably of taphonomic origin results in a conservative estimate of species richness. Perhaps half of the species recognized are sufficiently distinctive that their biological integrity seems assured, facilitating com parisons among basins. Other species, however, while clearly differentiable within the Draken biota, remain form taxa whose biological relationships to morphologically similar populations in other basins cannot be assumed. As in classical taxonomic treatments of living cyanobacteria (e.g., Geitler, 1930 Geitler, -1932 , fossil genera are differentiated on the basis of qualitative dif ferences among populations; species within genera are differ entiated on the basis of quantitative differences.
MICROFOSSIL ASSEMBLAGES
In situ stratiform stromatolites.-Within the Draken Con glomerate Formation, many of the best preserved microfossils occur in redeposited clasts, complicating paleoenvironmental interpretation. In the upper part of the formation, however, silicified, microbially laminated carbonates preserve a record of in situ mat communities that provides a key to the interpretation of intraclasts elsewhere in the succession.
The rocks in questions are stratiform stromatolites up to one meter thick, which are interbedded with dolarenites and thin shaly units (Figure 3.1) . Laminae are flat to slightly undulatory and about one mm thick. Isolated low, irregular domes occur in several beds (Figure 3. 2), but these appear to be a product of soft-sediment deformation, at least in part. Syndepositional de formation is independently documented by tepees that occur in the same sections. The stromatolites are dolomitic. Patchy silicification occurred early in diagenesis, but chert emplacement post-dates soft-sediment deformation (Figure 3.2) . In the Po-larisbreen area, quartz and carbonate sand grains are important constituents of laminated rocks, and dolarenite interbeds are abundant. To the south, along MacDonaldryggen and Backlundtoppen nunataks, arenitic material is less common. These carbonates exhibit petrographic evidence of subaerial exposure and cementation from vadose and saline artesian groundwaters (Fairchild et al., in press). They apparently accreted under upper intertidal to supratidal conditions on the broad Draken tidal flat.
Reasonably well-preserved fossil assemblages (Table 1) 165, B-550, B-625, B-670) . In fossiliferous samples, stromatolitic microfabric is preserved in uniformly fine-grained silica, with no evidence that quartz or carbonate grains larger than silt were trapped and bound (Figure  3.3) . Individual laminae are 0.5-3.0 mm thick and are differ entiated largely by relatively strong organic pigmentation at lamina tops. Although many laminations appear unfossiliferous at first glance, closer inspection reveals densely tangled filaments preserved as "ghosts." Irregularly distributed patches of wellpreserved fossils (Figure 3.4) confirm that the mats were built by dense populations of filamentous microorganisms whose sur viving sheaths are assigned to the form species Siphonophycus kestron and S. inornatum. These sheaths have unusually thick walls (> 1 nm\ and their large size suggests that they were formed by cyanobacteria rather than anoxygenic photobacteria. Each of these taxa forms essentially monospecific mats that can be interlaminated within a single rock sample. In general, filaments exhibit no preferred orientation, but in a few laminae popula tions display a distinctly vertical alignment. Siphonophycus kestron mats may contain an admixture of large (cross-sectional diameter >20 nm) Siphonophycus capitaneum sheaths, and scattered Myxococcoides vesicles occur in some laminae.
Taphonomy undoubtedly contributes to the observed low species richness of the in situ mat assemblage, but there are reasons for believing that these mats had a relatively low original diversity. Even within the highly diverse lower flake conglom erate assemblage (see below), most mats have a single-builder population; high species richness is largely a function of diverse mat dwellers and allochthonous populations. In the lower flake conglomerate assemblage, it can be demonstrated that these dwellers and allochthonous microfossils are preserved differ entially well relative to builders (see below). Thus, it is unlikely that the low species richness of the in situ mats is a strong function of preferential decay; it reflects a low original abun dance and diversity of mat dwellers and washed-in elements. This is consistent with modern microbial mats, where diversity is often inversely proportional to exposure or other environ mental stress (Golubic, 1976; Whitton and Potts, 1982; see also Green et al., 1989). The robust sheaths characteristic of this assemblage also bear comparison with those of mat-builders in Recent upper intertidal to supratidal environments; thick ex tracellular sheaths and envelopes protect cells from desiccation and potentially harmful solar radiation (Bauld, 1981 (Bauld, , 1986 .
Upper flake conglomerate assemblage. -Silicified dolarenites and fine-grained flake conglomerates from uppermost Draken beds in MacDonaldryggen and Draken nunataks contain wellpreserved microbial mat assemblages that link them genetically (in part) to the aforementioned in situ mats. The fossiliferous units occur within a complex interleaving of thin microbially laminated beds, flake conglomerates, dolarenites, pisolites, and black shale (Wilson, 1961) . Chert is common in the clastic car bonates, occurring as nodules to more or less continuous beds up to a meter thick (in reality, very long nodules formed during early diagenesis). The fossiliferous flake conglomerates and do larenites document the erosion of tidal-flat sediments and their redeposition in sheets or broad shallow channels within the intertidal zone (Fairchild et al., in press).
Sample J-1047, from Draken nunatak, is particularly infor mative. As seen in thin section, this sample consists of cm-scale beds that grade from thin flakes (< 1 x 1-3 mm) without matrix to arenite (Figure 315 ). Flake horizons are pervasively silicified, displaying chalcedonic, void-filling cement and little intergranular compaction. In contrast, the arenitic zones contain sub stantial dolomite and are compacted so that there is little minuscement porosity. Most of the flakes are fossiliferous, and almost all are redeposited microbial mat shards; few arenitic grains contain fossils.
The composition of the upper flake assemblage is shown in Table 2 . Eighty-seven percent of all fossiliferous flakes contain dense populations of Siphonophycus inornatum, S. kestron, or mixed S. inornatum and S. capitaneum sheaths (Table 3 Pervasive alteration of carbonates to dolomite followed silicification. Schieber (1989) recently published a facies classification of Proterozoic shales based on the Middle Proterozoic Belt Su pergroup. Textural and bedding characteristics of the Draken sediments do not conform in their entirety to any one of Schieber's shale types, but they do exhibit features that Schieber associated with his "carbonaceous swirl" and "striped" shales. These facies are interpreted as having been deposited subtidally between fair-weather and weak to average storm wave bases (Schieber, 1989) . It is likely, therefore, that the Draken dolomicrites accumulated in a normally low-energy subtidal environ ment subject to episodic storms. As this environment lay ad jacent to tidal flats, it was probably a protected lagoon broadly comparable to those forming today behind reefs or bars, or a wide shallow platform leeward of the tidal flat and land. A subtidal interpretation is corroborated by vase-shaped microfossils and acritarchs known to have broad geographic distri bution in shallow subtidal marine sediments of Neoproterozoic age. These fossils are essentially absent from intertidal Draken mats.
Exceptional preservation of filamentous microorganisms as siliceous (or, less conspicuously, dolomitic) internal molds ( considered minimum figures.) Small individuals tend to have a relatively high density of processes. Also, processes are of vary ing length, even within individuals, suggesting that new pro cesses continued to erupt as vesicles increased in size. These observations suggest that the vesicle-producing stage of T. vidalii was not dormant, but rather metabolically active and capable of continued growth. Among extant algae, this phenomenon is seen in the prasinophycean green algae (Tappan, 1980) . Prasinophyte life cycles alternate between a motile phase and a nonmotile phycoma-producing stage. The phycoma is a degrada tion-resistant wall that expands as the enveloped cell grows. In modern prasinophytes, the cell may increase in volume 5,000 times or more before multiple mitoses produce a new generation of motile cells (Tappan, 1980) . Draken T. vidalii specimens commonly display internal or ganic contents, which demonstrate that these vesicles contained a single large cell (Figure 7 .5). As outlined above, it is likely that this encysted cell was metabolically active, altering the morphology of its vesicle as it grew. The size range of Draken specimens indicates a minimum volumetric increase of 500-fold, well within the range exhibited by living prasinophytes. Thus, the features of T. vidalii are consistent with its interpretation as the phycomata of (unusually large) Neoproterozoic prasi nophytes. That interpretation is provisionally accepted here, although we stress its uncertainties. With even less certainty, many of the leiosphaerid acritarchs found abundantly in Proterozoic rocks have been attributed to the Prasinophyceae (Muir and Sarjeant, 1971; Tappan, 1980; Vidal and Knoll, 1983) .
Lower flake conglomerate assemblage. -This facies contains the best preserved and most diverse microfossils in the Draken Formation. Originally described from a single locality in Dracofjella, on the northern side of Polarisbreen (Knoll, 1982), this assemblage has now been found in localities elsewhere in Dracofjella and in Vettene, MacDonaldryggen, and Backlundtoppen nunataks (especially samples P-13, P-91, B-165, M-ll, M-12, M-13, and M-28). In all cases, the fossils occur in silicified clasts within dm-scale flake conglomerate beds (Figure 9 .1-9.3). The beds commonly exhibit unidirectional cross-lamination with set thicknesses of up to 10 cm. These flake conglomerates are interbedded with, and commonly truncate, lagoonal dolomicrites. This sedimentary association and petrographic evidence indi cating that early diagenesis occurred under the influence of ma rine pore waters, with limited evidence for subaerial exposure or leaching, suggest that these flake conglomerates formed when storms ripped up and redeposited locally derived clasts in subtidal lagoons (Knoll, 1982; Fairchild et al., in press).
Some fossiliferous flakes were clearly derived from the la goonal micrite facies (Table 3) the sedimentary juxtaposition of tidal-flat microorganisms (with their degradationally resistant envelopes and walls), rapid burial during storms, and early diagenesis in a coastal-marine setting where the probability of early silicification is relatively high. At least 32 taxa occur in these flake conglomerates (Table 5 ), but they do not occur as a homogeneous assemblage. As indi cated in Table 3 , at least three discrete associations can be differentiated: Siphonophycus inornatum-built mats, S. septaturn-built mats, and subtidal muds containing vertical tubes of the type described in the preceding section. (Knoll, 1982, rec ognized a fourth mat type dominated by Siphonophycus (-Eomycetopsis) robustum, but that assemblage is here rein terpreted as a Siphonophycus septatum mat in which the aux iliary mat-builder S. robustum is differentially well preserved; Figure 10 .3.) Siphonophycus inornatum mats in this facies differ from those characteristic of the in situ stratiform stromatolites and upper flake conglomerates. The sheaths of filamentous matbuilders are much less robust and are, correspondingly, more easily degraded. Also, the thin-sheathed S. inornatum mats con tain as many as a dozen dweller species and abundant allochthonous microfossils belonging to at least four taxa. The S. septatum mats are comparably diverse, preserving two auxiliary builders (which never occur together), up to seven or eight dwell er species, and extremely abundant allochthonous elements. Low diversity associations of the types characterizing in situ strati form stromatolites and the upper flake conglomerate assemblage are rare or absent from this facies (Table 3) .
Of the many taxa preserved in this facies, two may be singled out for special consideration. First is Polybessurus bipartitus, a morphologically distinctive stalk-forming microorganism (Fig  ure 12) enites, stratiform stromatolites, and subtidal dolomicrites and carbonaceous micrites. The fossiliferous shale is interpreted as a coastal subtidal deposit, an interpretation supported by its fossil content. In general, the fossils preserved within sample P-23 can be compared with those found in previously discussed carbonate lithologies (Table 7) . Small (9-25 /am), relatively thick-walled spheroidal vesicles are the most abundant constituent of this assemblage, making up 50 percent of all identifiable remains. These fossils occur as isolated individuals or, rarely, in clusters of up to 10-20; they cannot be differentiated from Myxococcoides cantabrigiensis populations preserved in Draken subtidal to lower intertidal cherts. About 10 percent of the assemblage consists of filamentous sheaths ranging from 2 to 20 /im in crosssectional diameter (Figure 21.7) . Essentially all of these remains are fragmental and, hence, most likely allochthonous. The ob served size range compares closely with that established for tidal-flat mat-builder populations, and it is thus reasonable to assume that many of these sheaths originated with tidal-flat cyanobacteria. Trichome remains (Figure 21.8-21.10) (Fairchild et al., in press) . They also make sense in light of microbial distributions along modern tidal flats. For example, several distinct trends are evident along the Draken supratidal to subtidal gradient (Figure 24) . Extracellular sheaths of mat-building cyanobacteria are commonly thick in the most frequently exposed assemblages, thinning markedly toward per manently submerged lagoons. As noted above, a similar trend is seen in modern systems and appears to reflect the important role of sheaths in cyanobacterial tolerance to desiccation and high fluxes of solar radiation. At the same time, the diversity of both mat-dwelling microbenthos and allochthonous fossils increases along the same gradient, much as it does in modern mat communities, where diversity is inversely proportional to environmental stress (Golubic, 1976; Whitton and Potts, 1982). Microbenthic diversity appears to decrease in the lagoons, but this may be misleading in that permanently submerged micro organisms often lack robust sheaths and/or cysts that facilitate preservation (Golubic and Barghoorn, 1977). Plankton/allochthon diversity is clearly highest in lagoonal muds; although plankton-bearing sea water regularly flooded the tidal flats, many populations were able to avoid becoming marooned on mat surfaces.
A final trend evident in thin sections is that the ratio of sed iment to fossils in a given volume of rock increases markedly from upper intertidal or supratidal mats across the tidal flat to the lagoons. Discussion.-Hofmann (personal commun.) has suggested that Draken populations assigned by Knoll (1982) to S. wilsonii have a size frequency distribution and cell-division pattern compa rable to those of S. medium. Having reexamined described spec imens and additional material, we concur and thus place S. wilsonii in synonymy with S. medium. elongated to form a short or long (up to 400 urn) stalk. Repro duction inferred to be by multiple fission. Discussion.-In Draken cherts, P. bipartitus specimens occur principally as isolated individuals or loose clusters of several individuals within diverse S. inornatum mats. In correlative beds in East Greenland, P. bipartitus populations form local monospecific crusts among low-diversity S. inornatum mats. Polybessurus crusts in the Draken Formation are preserved by dolomitic rinds. Draken Polybessurus were not recognized by Knoll (1982), but restudy of his material indicates that a spec imen illustrated as Salome svalbardensis (not the type) should be reassigned to P. bipartitus (Knoll, 1982, PI. 2, fig. 2 This specimen and numerous individuals in the subjacent Svanbergfjellet Formation (Butterfield, personal commun.) con tain features not described from the Hunnberg Formation holotype (Knoll, 1984), although reexamination shows them to be present. Therefore, emended generic and specific diagnoses are warranted.
Emended diagnosis.-Spheroidal to ellipsoidal vesicle; inner wall robust, bearing numerous thin (ca 1 /mi) solid cylindrical processes that connect to a thin single or multilamellate outer wall; processes thicken at both ends and are regularly distributed over the vesicle; no interconnecting septa and no division of vesicle into polygonal fields by septa or membranes; outer wall has a relatively thick inner layer and up to six thin outer mem branes; outer membranes may not be evident in partially de graded specimens. (1982) is here con sidered to be a variant of E. medius.) All could be the remains of chroococcalean cyanobacteria, but all could alternatively be the remains of physiologically dissimilar Eubacteria. Therefore, the fossils are treated as incertae sedis. Eosynechococcus sp. differs from previously described species in its narrow width. Within Draken cherts, these fossils occur sporadically in 57-phonophycus inornatum assemblages containing abundant Gloeodiniopsis mikros. Discussion. -The Draken fossil appears to be conspecific with acritarchs from the Doushantuo Formation, China, that have been described as Baltisphaeridium maximum Yin, 1987 . True Baltisphaeridium species differ from B. maximum in having relatively long and flexible, hollow processes that are constricted at their bases. Thus, Baltisphaeridium is not the appropriate genus for these fossils. Spheroidal acritarchs bearing solid, echi nate processes are placed in the genus Gorgonisphaeridium. Nu merous Paleozoic species have been described, and although all are much smaller than the specimen described here, they share with it a common process architecture. Therefore, the Draken and Doushantuo fossils are placed in the new combination, Gorgonisphaeridium maximum. Zang (1989) assigned three forms from the uppermost Proterozoic Pertatataka Formation, Australia, to Gorgonisphaeridium, but claimed that his speci mens have hollow processes. If correct, these fossils must be assigned to another genus. (Figure 21.3) . The wrinkles are probably diagenetic; nonetheless, they appear to indicate a distinctive wall structure or chemistry. Among described forms, they are most similar to L. atava.
Genus
Genus MYXOCOCCOIDES Schopf, 1968
Type species.-Myxococcoides minor Schopf, 1968 . Allison and Awramik (1989) considered M. cantabrigiensis and other Myxococcoides species to be cyanobacteria, stating (p. 272) that "there is no compelling evidence to indicate oth erwise." We consider this statement to be only half correct. There is no definitive evidence linking most Myxococcoides species to any protistan group; however, there is equally no evidence indicating that these fossils are prokaryotic. Thus, we persist in considering these fossils as incertae sedis. The abun dant presence of protists in Neoproterozoic rocks demonstrates that one cannot consider Neoproterozoic fossils as cyanobac teria until proven otherwise. MYXOCOCCOIDES CHLORELLOIDEA sp. nov. Figure 13.1-13.4 Diagnosis. -A species ofMyxococcoides characterized by sin gle-walled vesicles 17-26 nm in diameter, some of which contain internal 10-17 nm vesicles in dyads, tetrads, and octads. Internal vesicles well rounded to hemispherical and commonly pre served better than external vesicles. Presence and organization of internal vesicles differentiate this species from other Myxococcoides species; lack of multiple lamellae and relatively greater proportion of vesicles that occur in tetrads distinguish this spe cies from Gloeodiniopsis species.
Description.-Spheroidal to ellipsoidal vesicles arranged in loose aggregations or solitary. Vesicles with a single wall 17-26 fim in diameter (see Figure 14) , ca 0.5 /mi thick, and hyaline to granular in surface texture; or vesicles of this description con taining 1-8 (commonly four) spheroidal vesicles 10-17 /im in diameter (see Figure 14) that fill outer vesicle. Inner vesicles well rounded or, in dyads, hemispherical; inner vesicles often darker and better denned than encompassing outer vesicles. Inner or solitary vesicles may contain an internal, wrinkled organic body.
Etymology. -With reference to the close resemblance of this population to living green algae of the genus Chlorella.
Type specimen. -This species can only be recognized on the basis of features revealed by a population; however, the botan ical code of nomenclature requires that a single specimen be chosen as type. Therefore, the specimen in Figure 13 .2 that is marked by an arrow has been chosen as the type and is reposited in the Paleobotanical Collections of the Harvard University Herbaria under catalog number 62354.
Type locality.-Atop MacDonaldryggen nunatak along the southern edge of Draken Conglomerate Formation exposure.
Discussion.-Species of Myxococcoides share the property of systematic intractability. Myxococcoides chlorelloidea shares this feature to a degree, but its distinctive divisional cycle involving one to three binary divisions with some but not much growth between successive splits (Figures 13, 14) permits comparison to living green algae of the genus Chlorella. Populations ofChlorella pyredinosa exhibit a closely comparable range of mor phologies and division patterns. Unfortunately, this simple life cycle is not unique to Chlorella; thus, M. chlorelloidea remains problematic. Etymology.-With reference to the common occurrence of dyads in this species.
Type specimen. -Under the rules of botanical nomenclature, a single specimen must serve as type, rather than a population. Thus, the specimen noted by the arrow in Figure 18 .9 is des ignated as the type of the species. It is reposited in the Paleobotanical Collections of the Harvard University Herbaria under catalog number 62355.
Type locality. -South face of Dracofjella nunatak along Polarisbreen glacier, Ny Friesland, Spitsbergen.
Discussion.-The characteristic presence of dyads in these fossils distinguishes them from previously described species of Myxococcoides. "Diplococcus" populations from the Neoproterozoic Yudoma Formation, Siberia, are similar if not identical (Lo, 1980) . Some (but not all) of the paired spheroids illustrated by Sergeev (1988 , his fig. 1L, M) from Neoproterozoic cherts in the Southern Urals also resemble M. distola.
MYXOCCKXOIDES STRAGULESCENS Green et al., 1989
Discussion.-This species, distinguished by its median splits and tendency to form layers in mats, is common in East Green land, but rare within Draken Siphonophycus inornatum mats. Discussion.-A single, poorly preserved specimen belonging to this widely distributed Proterozoic genus was observed in the Draken shale assemblage. Leiotrichoides GERMAN, 1974, p. 8-9, fig. 1 ., 1979) cyanobacteria. A single species, S. kestron, whose diagnosis matched that of the genus, was described. Eomycetopsis was erected for tubular filaments that differed from Siphonophycus in being smaller (2-4.5 ^m in cross-sectional diameter) and rarely in terrupted by septa. Two species were described and interpreted as possible fungal hyphae. Tenuofilum, in turn, was described as a monotypic genus of small (ca 1 nm), uniseriate trichomes with often inconspicuous septa and no sheaths.
Subsequent research showed that the type specimens and as sociated populations of Siphonophycus kestron, Eomycetopsis robusta, and Tenuofilum septatum are all aseptate filamentous tubes that differ principally in size (Hofmann, 1976; Knoll, 1981 Schopf and Blacic (1971) are clearly trichomes and should be transferred to the genus Cephalophytarion.) The pop ulations differ quantitatively (i.e., in size) rather than qualita tively; thus, we follow convention in classical cyanobacterial taxonomy (e.g., Geitler, 1930 Geitler, -1932 and view the three forms as distinct species within a single (form) genus. We have there fore placed the three genera in synonymy as Siphonophycus and recognize three species of this genus-S. kestron, S. robustum, and S. septatum-in the Bitter Springs Formation. Pjatiletov (1988) previously synonymized Leiotrichoides German (1974) with Eomycetopsis; we include these fossils in Siphonophycus as well. Draken rocks contain five distinct size classes of Siphonophycus, and these populations are assigned to the three Bitter Springs form species plus S. inornatum and S. capitaneum. The larger populations are presumably cyanobacterial, but S. septatum and S. robustum could alternatively be flexibacterial in origin (e.g., Aizenshtat et al., 1984). For this reason, the genus is classified as incertae sedis rather than cyanobac terial. It is important to remember that the species of Siphonophycus are form species, and that interbasinal comparisons may be suspect; many living cyanobacterial species have morphol ogies that would converge taphonomically on these fossils. Eomycetopsis filiformis SCHOPF, 1968, p. 685, PI. 82, figs. 1, 4, PL 83, figs. 5-8.
Discussion.-Consistent with the genus-level synonymy pre sented above, this species is transferred to Siphonophycus, and the specific epithet is accordingly changed to robustum.
Draken populations occur as auxiliary builders in S. septatum mats, as occasional microbenths in vertical tube-dominated lagoonal carbonates, and as oncoid and thin mat-builders on the inner flanks of oolitic shoals. Discussion.-Small (ca 20 /im), very thin-walled, chagrenate vesicles occur as a minor constituent of the Draken shale as semblage. These vesicles are similar to Stictosphaeridium pop ulations described widely from Neoproterozoic shales (Timo feev, 1966; Vidal, 1976; Jankauskas, 1989) .
Vertical tubes Figure 5 .1-5.3, 5.6 Description.-Vertically oriented, sparsely branched fila ments 13-59 /im in cross-sectional diameter (Jc = 24 /xm; s x = 8 nm; N = 125). Filaments preserved as siliceous or dolomitic internal molds, and no organic walls observed; thus, no infor mation available on possible organization of cells or sheaths within individuals.
Discussion.-Vertical tubes occur within fine-grained lagoonal carbonates. As noted in the text, their taxonomic relationships are unknown; possible affinities include, but are not limited to, scytonematacean cyanobacteria and cladophoralean green algae. 
